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ARRAY SUBSTRATE, LIQUID CRYSTAL
DISPLAY DEVICE HAVING THE SAME AND
METHOD FOR MANUFACTURING THE
SAME THEREOF

This application claims the benefit of Taiwan application
Serial No. 101112678, filed Apr. 10, 2012, the subject matter
of which is incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The disclosure relates in general to an array substrate and a
method for manufacturing the array substrate, and more par-
ticularly to an LCD device having the array substrate.

2. Description of the Related Art

In recent years, the liquid crystal display (LCD) has been
widely used in the display screen of electronic products. The
LCD has different varieties such as twister nematic (TN),
super twisted nematic, (STN), in-plane switching (IPS), and
multi-domain vertical alignment (MVA). A voltage may be
applied to control the rotation direction of liquid crystal mol-
ecules and adjust the polarization direction of the light, so as
to affect the luminous flux and generate a contrast between
the bright state and the dark state and display an image.

To control the direction of liquid crystal molecules, nem-
atic liquid crystal is used in a conventional display device. An
alignment processing is performed on the surface of the sub-
strate of the conventional display device to control the align-
ment of liquid crystal molecules. For example, a rubbing
treatment is performed, that is, the surface of the alignment
film coated on the surface of the substrate contacting the
liquid crystal is rubbed with a cloth material. The rubbing
treatment not only increases the manufacturing cost but also
affects the display quality. Besides, the display device using
nematic liquid crystal has a long response time which is
unfavorable to the dynamic image display in the sequential
color method. The display device using nematic liquid crystal
further requires a color filter film to achieve color display, and
both the manufacturing cost and complexity in the manufac-
turing process are increase.

SUMMARY

The disclosure is directed to an array substrate and a
method for manufacturing the same. The liquid crystal dis-
play (LCD) device having the array substrate requires a lower
driving voltage.

According to a first aspect of the present invention, an array
substrate, comprising a substrate, a multi-layer electrode and
a switch element is provided. The multi-layer electrode is
disposed on the substrate, and comprises an electric conduc-
tive layer and a first etch-stop layer. The electric conductive
layer covers the first etch-stop layer. The switch element is
disposed on the substrate and electrically connected to the
multi-layer electrode, and has a second etch-stop layer. The
first and the second etch-stop layer are formed by the same
material.

According to a second aspect of the present invention, an
LCD device, comprising a first substrate, a second substrate,
a medium layer and a multi-layer electrode, is provided. The
first and the second substrate are positioned oppositely. The
medium layer is disposed between the first substrate and the
second substrate. The multi-layer electrode is disposed on the
first substrate, and comprises an electric conductive layer and
afirst etch-stop layer. The electric conductive layer covers the
first etch-stop layer. The switch element is disposed on the
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first substrate and electrically connected to the multi-layer
electrode, and has a second etch-stop layer. The first and the
second etch-stop layer are formed by the same material.

According to a third aspect of the present invention, a
method for manufacturing an LCD device is provided. The
method comprises the following steps. A first substrate is
provided. A multi-layer electrode is formed on the first sub-
strate, the multi-layer electrode comprises an electric conduc-
tive layer and a first etch-stop layer covered by the electric
conductive layer. A switch element is formed on the substrate
and located at one side of the multi-layer electrode, the switch
element has a second etch-stop layer, and the first and the
second etch-stop layer are formed by the same material. The
multi-layer electrode and the switch element are electrically
connected. A second substrate is provided. The first substrate
and the second substrate are assembled as a pair. A medium
layer is formed between the first substrate and the second
substrate.

The above and other aspects of the invention will become
better understood with regard to the following detailed
description but non-limiting embodiment(s). The following
description is made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a blue phase liquid
crystal display device known by the inventor;

FIGS. 2~7, 8A~8C, 9A~9C are cross-sectional views
showing a process of manufacturing an array substrate
according to an embodiment of the invention;

FIGS. 10A~10F show different forms of a multi-layer elec-
trode according to an embodiment of the invention;

FIGS. 11A~11B show a flowchart of a method for manu-
facturing an array substrate according to an embodiment of
the invention;

FIGS. 12~16 show a process for manufacturing an array
substrate according to another embodiment of the invention;

FIGS. 17~23 show top views of a process for manufactur-
ing an array substrate according to an embodiment of the
invention;

FIGS. 24 A~24C show other forms of the multi-layer elec-
trode of FIG. 23;

FIGS. 25A~25B show a flowchart of a method for manu-
facturing an array substrate according to a second embodi-
ment of the invention.

DETAILED DESCRIPTION

The disclosure provides a method for resolving the prob-
lem that the driving voltage of (blue phase) liquid crystal is
too large, and an array substrate and a liquid crystal display
(LCD) device using the same are used in the method for
resolving the above problem.

Referring to FIG. 1, a schematic diagram of a blue phase
liquid crystal display device known by the inventor is shown.
As indicated in FIG. 1, the display device 10 has a substrate
100 and a substrate 120, and a polarizer 101 and a polarizer
121 are respectively disposed on the substrate 100 and the
substrate 120. The medium layer 110, being a liquid crystal
layer or a blue phase liquid crystal layer, is disposed between
the substrate 100 and the substrate 120. In the present
embodiment, the medium layer 110 is disposed between the
substrate 100 and the substrate 120, while the pixel electrode
102 and the common electrode 104 are disposed on the same
surface of the substrate 100. The thin film transistor (TFT)
(not illustrated) changes the electric field 113 generated
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between two electrodes by adjusting the voltage applied to the
pixel electrode 102 and the common electrode 104, and
accordingly controls the magnitude of the optical anisotropy
of the medium layer 110. In the present embodiment, a ref-
erence voltage of the common electrode 104 is identical to a
common voltage. In other embodiment, the reference voltage
of the common electrode 104 may be different from the
common voltage.

The medium layer 110 of the display device 10 achieves
display effect through the zero birefringence phenomenon
occurring when no electric field is applied, and the birefrin-
gence phenomenon occurring when an electric field is applied
to the blue phase liquid crystal. The bright and dark states of
the medium layer 110 are adjusted by changing the voltage
difference between the pixel electrode 102 and the common
electrode 104. The blue phase liquid crystal is optically iso-
tropic when no electric field is applied thereto, and the align-
ment layer is not used. The operating temperature of the blue
phase liquid crystal has a narrower range. The reticular for-
mation of polymers stabilizes the medium layer 110 such that
the operating temperature of the blue phase liquid crystal is
increased. The polymer stabilized blue phase (PSBP) liquid
crystal does not change the high response speed of the blue
phase liquid crystal, but the voltage applied to the medium
layer 110 is required to be increased for adjusting the bright
and dark states of the display. The inventor herein provides an
array substrate having electrodes with a higher height, such
that the equivalent horizontal electric field between the elec-
trodes is increased when the same magnitude of voltage is
applied to the electrodes. Therefore, the required driving volt-
age is reduced.

First Embodiment

FIGS. 2~10 are cross-sectional views showing a process of
manufacturing an array substrate 20 according to an embodi-
ment of the invention. The array substrate 20 comprises a
wiring region Al and an aperture region A2. Here, the con-
nection zone between the wiring region Al and the aperture
region A2 is omitted, and instead, an interrupted cross-section
is illustrated. FIGS. 17~23 show top views of a process for
manufacturing an array substrate 20 according to an embodi-
ment of the invention. As indicated in FIGS. 2 and 17, a
substrate 200 extending on a plane is provided. A first metal
layer 202 is formed on the substrate 200 but only a part of the
first metal layer 202 is illustrated in FIG. 17. In fact, the first
metal layer 202 may extend to two lateral sides, and the
extension portion is illustrated in an interrupted cross-section.
The first metal layer 202 may be realized by a multi-layer
structure or an alloy. For example, the first metal layer 202 is
formed by materials selected from a group consisting of alu-
minum, copper, molybdenum, neodymium (Nd) and a com-
bination thereof. As indicated in FIGS. 3 and 18, an insulating
layer 204 is formed on the first metal layer 202 and the
substrate 200. The insulating layer 204 is realized by such as
a gate insulating layer (ex. SiNx). An active layer 206 is
formed on the insulating layer 204. The active layer 206 is
realized by an amorphous silicon (a-Si) film or an amorphous
InGaZnO (a-IGZO) film.

As indicated in FIGS. 4 and 19, a first etch-stop layer 208a
and a second etch-stop layer 2085 are formed on the active
layer 206. The first etch-stop layer 208a and the second etch-
stop layer 2085 are respectively disposed in the aperture
region A2 and the wiring region Al. The first etch-stop layer
208a and the second etch-stop layer 2085 may be concur-
rently or subsequently formed in the same step of the manu-
facturing process. The first etch-stop layer 208a and the sec-
ond etch-stop layer 2085 may be formed by materials selected
from silicon insulating (SiOx) or silicon nitride (SiNx). In
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another embodiment, the first etch-stop layer 208a and the
second etch-stop layer 2085 may be formed in different steps
of the manufacturing process according to actual needs.

As indicated in FIG. 5, a doping process may be selectively
performed to dope a semiconductor impurity on the surface of
the active layer 206 not covered by the second etch-stop layer
2085 and the second etch-stop layer 2085. A doping layer
206-1 and a non-doped active layer 206-2 are formed in the
doping process.

Referring to FIGS. 6 and 20, a second metal layer 210 is
formed on the doping layer 206-1 and a part of the second
etch-stop layer 2085. FIG. 20 only illustrates a part of the
second metal layer 210. In reality, the second metal layer 210
may extend to two lateral sides, and the extension portion is
illustrated in an interrupted cross-section. As indicated in
FIGS. 6~7, the second metal layer 210 and the first etch-stop
layer 208q are used as a mask, and the non-shielded doping
layer 206-1 and the non-doped active layer 206-2 are removed
to form an opening V, an active layer 2064, a doping layer
2065 and an active layer 206¢ as indicated in FIGS. 7 and 21.
In an embodiment, an extra masking process may be per-
formed. That is, a part of the doping layer 206-1 and a part of
the non-doped active layer 206-2 are removed to form an
opening V first, and then the second metal layer 210 is formed
on the doping layer 2065 and a part of the second etch-stop
layer 2084. In other words, the sequence for forming the
second metal layer 210 and the opening V is not restrictive.
Due to the interruption in the cross-section, FIGS. 6~7 only
illustrate the opening V.

As indicated in FIGS. 7 and 21, the first metal layer 202, the
insulating layer 204, the active layer 2064, the doping layer
2065, the second etch-stop layer 2086 and the second metal
layer 210 constitute a switch element S. In this embodiment,
the switch element S is realized by a thin film transistor
(TFT). In addition, the first metal layer 202, the insulating
layer 204, the active layer 2064, the doping layer 2065 and the
second metal layer 210 also constitute a storage capacitor C.

Referring to FIGS. 8A and 22, an electric conductive layer
216 is formed on the insulating layer 204 and the first etch-
stop layer 208a, and may cover the lateral sides of a stacking
structure constituted by the active layer 206¢ and the first
etch-stop layer 208a. The electric conductive layer 216 is
formed by materials selected from a group consisting of
metal, indium tin insulating, indium zinc insulating, zinc
indium tin insulating, indium gallium zinc insulating and a
combination thereof. The active layer 206c¢, the first etch-stop
layer 208a and the electric conductive layer 21 constitute a
multi-layer electrode 1. Only a part of the multi-layer elec-
trode is illustrated in the cross-sectional view. The multi-layer
electrodes may be arranged in a regular or irregular manner.

As indicated in FIGS. 8 A and 23, a dielectric layer 212 may
be formed on the second etch-stop layer 2085 and the second
metal layer 210 depending on the needs of the manufacturing
process. The dielectric layer 212 may realized by a light
blocking layer such as an opaque organic dielectric layer. In
another embodiment, the switch element S may be realized by
athin film transistor TFT having an IGZO active layer. Under
such circumstance, the light blocking layer may not be
needed. In an embodiment, a gap adjustment layer (not illus-
trated) and/or a protection layer (not illustrated) may be
formed on the dielectric layer 212 depending on the needs of
the manufacturing process. When the substrates are
assembled in pair, the gap adjustment layer maintains the gap
between the substrates, and the protection layer avoids the
liquid crystal directly contacting the light blocking layer. In
another embodiment, the gap adjustment layer may have
spacers. In another embodiment, depending on the needs of
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the manufacturing process, another protection layer (not
illustrated) may be disposed to separate the dielectric layer
212 and the electric conductive layer 216 from the second
etch-stop layer 2086 and the second metal layer 210 to protect
the thin film transistor TFT.

Referring to FIG. 8A, a cross-sectional view of an array
substrate 20-1 along the cross-sectional line 2-2 of FIG. 23 is
shown. FIG. 8A only illustrates a part of the opening V. As
indicated in FIGS. 8A and 23, the array substrate 20-1 com-
prises a switch element S, a storage capacitor C and a multi-
layer electrode 1. The switch element S and the storage
capacitor C are disposed in the wiring region Al. The multi-
layer electrode L1 is disposed in the aperture region A2. The
multi-layer electrode L1 has a maximum width D1 and a
maximum height H1. When the invention is used in a fringe
field switching (FFS) display device, another electric conduc-
tive layer (not illustrated) may be formed between the sub-
strate 200 and the insulating layer 204 of the array substrate
20-1. The insulating layer 204 provides electric insulation.

FIG. 23 only illustrates a top view of a multi-layer elec-
trode L1, and is not for limiting the structure of the multi-layer
electrode [.1. The shape of the multi-layer electrode [.1 may
be symmetric or assymetric such as jagged, radial or comb-
like. Referring to FIGS. 24 A~24C, other views of the multi-
layer electrode L1 of FIG. 23 are shown.

Referring to FIGS. 7 and 8B. In an embodiment, after the
step of FIG. 7, a protection layer 2134a and a protection layer
2135 are immediately formed after the second metal layer
210 is formed. The protection layer 213a covers a part of the
second metal layer 210 for protecting the second metal layer
210 and the thin film transistor TFT. The protection layer
2135 may be selectively formed on the first etch-stop layer
208a. Next, a dielectric layer 212' (such as a light blocking
layer) is formed on the protection layer 213a. Lastly, a electric
conductive layer 216 is formed to form a multi-layer elec-
trode L1' and cover the exposed second metal layer 210 for
conducting the signal. The protection layer 2135 increases the
height of the multi-layer electrode L.1'. The multi-layer elec-
trode L1' has a maximum width D1' and a maximum height
H1"

Referring to FIGS. 7 and 8C. In an embodiment, after the
step of FIG. 7, a part of the insulating layer 204 may be etched
to expose the substrate 200, and an insulating layer 204' is
formed as indicated in FIG. 8C. Next, an electric conductive
layer 216 is formed on the exposed substrate 200 and the first
etch-stop layer 2084 to cover a stacking structure constituted
by the insulating layer 204', the active layer 206¢ and the first
etch-stop layer 208a to form a multi-layer electrode 1.2. The
multi-layer electrode .2 has a maximum width D2 and a
maximum height H2. The array substrate 20-2 comprises a
switch element S, a storage capacitor C and a multi-layer
electrode [.2. The switch element S and the storage capacitor
C are disposed in the wiring region Al. The multi-layer elec-
trode 1.2 is disposed in the aperture region A2. In the present
embodiment, since the insulating layer 204' also forms a part
of the multi-layer electrode 1.2, the overall height of the
multi-layer electrode 1.2 can thus be increased.

It is noted that the electric conductive layer 216 of the
multi-layer electrode L1, the multi-layer electrode L1' and the
multi-layer electrode L2 in FIGS. 8 A~8C may be disposed on
the first etch-stop layer 208a without covering the lateral
sides (not illustrated) of the stacking structure.

Referring to FIGS. 8 A~8C. In an embodiment, the electric
conductive layer 216 is formed before the step of forming the
dielectric layer 212 (not illustrated) is performed. In other
words, the sequence of forming the dielectric layer 212 and
the electric conductive layer 216 is not restrictive.
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In another embodiment, in the step of forming the dielec-
tric layer 212 illustrated in FIG. 8 A, when the dielectric layer
212 is formed on the second etch-stop layer 2085 and the
second metal layer 210, the dielectric layer 214 is concur-
rently formed on the first etch-stop layer 208a as indicated in
FIG. 9A. The dielectric layer 214 and the dielectric layer 212
may be formed by the same material such as resin. Next, an
electric conductive layer 216 is formed on the insulating layer
204 and the dielectric layer 214 to form a multi-layer elec-
trode L.3. The multi-layer electrode .3 has a maximum width
D3 and a maximum height H3. The electric conductive layer
216 may selectively cover the lateral sides of the stacking
structure constituted by the active layer 206¢, the first etch-
stop layer 2084 and the dielectric layer 214. The array sub-
strate 20-3 comprises a switch element S, a storage capacitor
C and a multi-layer electrode 1.3. The switch element S and
the storage capacitor C are disposed in the wiring region Al.
The multi-layer electrode 1.3 is disposed in the aperture
region A2. Since the dielectric layer 214 also forms a part of
the multi-layer electrode 13, the overall height of the multi-
layer electrode L3 can thus be increased.

As indicated in F1G. 9B, the array substrate 20-4 comprises
a switch element S, a storage capacitor C and a multi-layer
electrode L4. The switch element S and the storage capacitor
C are disposed in the wiring region Al. The multi-layer elec-
trode L4 is disposed in the aperture region A2. The multi-
layer electrode [.4 has a maximum width D4 and a maximum
height H4. The array substrate 20-4 is similar to the array
substrate 20-3 of FIG. 9A except that the multi-layer elec-
trode L4 further comprises an insulating layer 204'.

Referring to FIG. 9C, the array substrate 20-5 is formed
after the step of FIG. 7. After the step of FIG. 7, another
dielectric layer 218 (such as a gap adjustment layer) is sub-
sequently formed on the dielectric layer 212, and another
dielectric layer 217 is concurrently formed on the dielectric
layer 214. Next, a multi-layer electrode L5 covered by an
electric conductive layer 216 is formed. The electric conduc-
tive layer 216 is disposed on only one of the layers of the
multi-layer electrode L5 or on the top layer of the multi-layer
electrode L5, and may selectively cover the lateral sides of the
multi-layer electrode L5. The multi-layer electrode L5 has a
maximum width D5 and a maximum height H5. As indicated
in FIG. 9C, the array substrate 20-5 comprises a switch ele-
ment S, a storage capacitor C and a multi-layer electrode L5.
The switch element S and the storage capacitor C are disposed
in the wiring region Al. The multi-layer electrode L5 is
disposed in the aperture region A2. The dielectric layer 217
and the dielectric layer 218 may be formed by the same
material such as translucent resin or an organic or inorganic
material.

In another embodiment, the electric conductive layer 216
may be formed earlier than the dielectric layer 218 (not illus-
trated). In other words, the sequence of forming the dielectric
layer 218 and the electric conductive layer 216 is not restric-
tive.

It is noted that the shape, width, height of each layer of the
multi-layer electrodes L1~L5 and the stacking manner are not
restrictive. Furthermore, the structure of each layer of the
multi-layer electrode L1 does not have to be symmetric. Let
the multi-layer electrode [.2 and the multi-layer electrode L3
be taken for example. Referring to FIGS. 10A~10F, the types
of the multi-layer electrode [.2 of FIG. 8B or the multi-layer
electrode L3 of FIG. 9A are shown. The designations x1~x5
are realized by such as the insulating layer 204' of the multi-
layer electrode L.2. The designations y1~y5 are realized by
such as the active layer 206¢ of the multi-layer electrode [.2.
The designations z1~z5 are realized by such as the first etch-
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stop layer 208a of the multi-layer electrode [.2. The designa-
tions x1~x5 may also be realized by such as the active layer
206¢ of the multi-layer electrode L.3. The designations y1~y5
are realized by such as the first etch-stop layer 208a of the
multi-layer electrode 3. The designations z1~z5 are realized
by such as the dielectric layer 214 of the multi-layer electrode
L2.

As indicated in FIGS. 10A~10F, the shapes, widths, and
heights of the designations x1~x5, the designations y1~y5
and the designations z1~75 are not restrictive, and may cover
any possible forms of stacking structure. In the present
embodiment, the electric conductive layer 216 covers the
sidewalls of the multi-layer electrode [.2 and the multi-layer
electrode L3. In an embodiment, the electric conductive layer
216 at least needs to be disposed in the structure of the
multi-layer electrode .2 and the multi-layer electrode 1.3, and
the electric conductive layer 216 does not have to cover the
sidewalls of the multi-layer electrode [.2 and the multi-layer
electrode [.3. Preferably, the electric conductive layer 216 is
disposed on the top of the multi-layer electrode [.2 and the
multi-layer electrode L.3.

Referring to FIGS. 11A~11B, a flowchart of a method for
manufacturing an array substrate according to an embodi-
ment of the invention is shown. The flowchart illustrates a
possible process for manufacturing the array substrate of the
first embodiment, and is not for limiting the invention. Each
of'the steps S100~S121 may be modified or adjusted to fit the
needs of the manufacturing process. Steps S100~S108 corre-
spond to the flowchart of FIGS. 2~5. Step S110~S117 corre-
spond to the flowchart of FIGS. 6, 7, 8A, 8B and the flowchart
of 9A~9B. In step S112, the array substrate 20-1 of FIG. 8A
is obtained if the insulating layer 204 not shielded by the
second metal layer 210 is not removed, and the array substrate
20-2 of FIG. 8B is obtained if the insulating layer 204 not
shielded by the second metal layer 210 is removed.

In step S114, the array substrate 20-3 of FIG. 9A is
obtained if the dielectric layer 214 is formed on the first
etch-stop layer 2084 in the aperture region A2 and the insu-
lating layer 204 not shielded by the second metal layer 210 is
notremoved instep S112. The array substrate 20-4 of FIG. 9B
is obtained if the insulating layer 204 not shielded by the
second metal layer 210 is removed in step S112 and the
dielectric layer 214 is formed on the first etch-stop layer 208«
in the aperture region A2 in step S114.

Steps S110~S119 correspond to the flowchart of FIG. 9C.
Suppose the insulating layer 204 not shielded by the second
metal layer 210 is removed in step S112, and the dielectric
layer 214 is formed on the first etch-stop layer 208a of the
aperture region A2 in step S114. Then, the method proceeds
to step S116, the array substrate 20-5 of FIG. 9C is obtained
if the dielectric layer 217 is concurrently disposed on the first
etch-stop layer 208a of the aperture region A2 when the gap
adjustment layer 218 and/or a protection layer (not illus-
trated) is disposed.

In an embodiment, the steps S110~S121 may also be used.
In step S115, the electric conductive layer 216 is formed on
the first etch-stop layer 208a. Then, the method proceeds to
step S118, the dielectric layer 214 is formed on the second
etch-stop layer 2085 in the wiring region A1, and the dielec-
tric layer 214 is selectively on the first etch-stop layer 2084 in
the aperture region A2. Then, the method proceeds to step
S121, a gap adjustment layer and/or a protection layer is
formed on the dielectric layer 214 in the wiring region Al.
Second Embodiment

Referring to FIGS. 12~16, a process for manufacturing an
array substrate 30 according to another embodiment of the
invention is shown. The array substrate 30 comprises a wiring

5

10

15

20

25

30

35

40

45

55

60

8

region Al and an aperture region A2. Here, the connection
zone between the wiring region A1 and the aperture region A2
is omitted, and instead an interrupted cross-section is illus-
trated. Referring to FIG. 12. Firstly, a substrate 300 is pro-
vided. A first metal layer 302 is formed on the substrate 300,
and the first metal layer 302 is realized by such as patterned
layer of copper, aluminum, molybdenum, neodymium, and
an alloy group formed the above metals. An insulating layer
304 is formed on the first metal layer 302 and the substrate
300. An active layer 306 is formed on the insulating layer 304.
An etch-stop material 308 is formed on the active layer 306,
wherein the etch-stop material may be selected from silicon
insulating (SiOx) or silicon nitride (SiNx). A photo-resist
layer P is formed on the etch-stop material 308. A lithography
process is performed. For example, the first metal layer 302
and the first metal layer 303 are used as a self-aligned mask,
and a ultra-velvet (UV) light radiates towards the etch-stop
material 308 from the substrate 300.

As indicated in FIGS. 13~14, a patterned photoresist P' is
formed and used as a mask in an etching process to pattern the
etch-stop material 308 and form a first etch-stop layer 3084, a
second etch-stop layer 3085 and a third etch-stop layer 308c.
In another embodiment, the mask can also be used to pattern
the etch-stop material 308. The first etch-stop layer 308q is
disposed in the aperture region A2. The second etch-stop
layer 3085 and the third etch-stop layer 308¢ are disposed in
the wiring region Al. Meanwhile, the UV light radiates
towards the substrate 300 from the etch-stop material 308 to
form the first etch-stop layer 3084, the second etch-stop layer
3085 and the third etch-stop layer 308¢. Then, a doping pro-
cess may be performed to dope a semiconductor impurity in
the active layer 306 to form an active layer 306-1 and a doping
layer 306-2.

Referring to FIG. 15, the first metal layer 303, the insulat-
ing layer 304 (illustrated in FIG. 14), the active layer 306, the
first etch-stop layer 308a are patterned, and an opening V2 is
formed. In FIG. 15, due to the interrupted by line of section,
only a part of the opening V2 is illustrated. Next, referring to
FIG. 16, a second metal layer 310 is formed on the second
etch-stop layer 3085, the third etch-stop layer 308¢ and the
doping layer 306-2, and a dielectric layer 312 is formed on the
second metal layer 310 and the second etch-stop layer 30854.
In addition, an electric conductive layer 316 is formed to
cover the first etch-stop layer 3084 of the aperture region A2
to form a multi-layer electrode L.6. The multi-layer electrode
L6 has a maximum width D6 and a maximum height H6. In an
embodiment, a protection layer (not illustrated) may be selec-
tively formed on the second metal layer 310, and then a
dielectric layer 312 is subsequently formed on the protection
layer and the second metal layer 310.

In the present embodiment, the array substrate 30 is con-
stituted by the switch element S2, the storage capacitor C2
and the multi-layer electrode [.6. The material of each layer of
the array substrate 30 may be identical to the material of the
corresponding structure of the array substrate 20-1~20-5. It is
noted that the etch-stop material layer 3084~308¢ of the array
substrate 30 is defined by a self-alignment process, hence a
mask process can be omitted. Besides, the storage capacitor
C2 of the array substrate 30 has a third etch-stop layer 308¢
disposed between the first metal layer 302 and the second
metal layer 310, and is thus able to provide smaller storage
capacitance under the same surface area of capacitor.

Referring to FIGS. 25A~25B, a flowchart of a method for
manufacturing an array substrate according to a second
embodiment of the invention is shown. The flowchart illus-
trates a possible process for manufacturing the array substrate
of the second embodiment, and is not for limiting the inven-
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tion. Each of the steps S200~S221 may be modified or
adjusted to fit the needs of the manufacturing process. Steps
S200~S208 correspond to the flowchart of FIGS. 12~14. Step
S210~S217 correspond to the flowchart of FIGS. 15~16. FIG.
15 (corresponds to S212) only illustrates the situation that the
insulating layer 304 not shielded by the second metal layer
310 is removed. However, it is possible that the insulating
layer 304 not shielded by the second metal layer 310 is not
removed.

In step S214, the dielectric layer 212 may be selectively
formed in the wiring region A1, and the dielectric layer (not
illustrated) is concurrently formed on the first etch-stop layer
308a of the aperture region A2. In step S216, the dielectric
layer (not illustrated) may be selectively formed on the first
etch-stop layer 308a of the aperture region A2 to increase the
height of the multi-layer electrode .6 concurrently when a
gap adjustment layer and/or a protection layer (not illus-
trated) is disposed.

According to the method for manufacturing array substrate
disclosed in above embodiments of the invention, in the
manufacturing process of each layer of the switch element,
the multi-layer electrode is concurrently stacked. The heights
H1~Hé6 of the multi-layer electrodes [.1~1.6 are between 2
um~10 pm (2 um=H=10 pm), and the maximum widths
D1~Dé6 of the multi-layer electrode [L1~1.6 are between 2
um~20pm (2 pm=D=20 pum). Therefore, without using too
complicated manufacturing method, the existing manufactur-
ing equipment would suffice to increase the overall height of
the multi-layer electrode. The multi-layer electrode of the
array substrate disclosed in the above embodiments of the
invention is stacked to a height larger than that of the conven-
tion single-layered electrode. When receiving the same driv-
ing voltage, the multi-layer electrode of the invention pro-
vides a larger horizontal electric field, and can thus be used in
a PSBP LCD device which requires a larger electric field. In
an embodiment of the invention, the LCD device may form a
switch element, a light blocking layer and a gap adjustment
layer on a single array substrate. Since the manufacturing
method of the invention uses single substrate instead of mul-
tiple substrates, the manufacturing process is further simpli-
fied.

While the invention has been described by way of example
and in terms of the embodiment (s), it is to be understood that
the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. An array substrate, comprising:

a substrate;

a multi-layer electrode disposed on the substrate and com-
prising an insulating layer formed on the substrate, an
active layer formed on the insulating layer, an electric
conductive layer and a first etch-stop layer formed on the
active layer and covered by the electric conductive layer,
wherein the electric conductive layer contacts side sur-
faces of the active layer and the first etch-stop layer; and

a switch element disposed on the substrate and electrically
connected to the multi-layer electrode, and the switch
element having a second etch-stop layer, wherein the
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second etch-stop layer and the first etch-stop layer are
formed by the same material.

2. The array substrate according to claim 1, wherein, the
second etch-stop layer and the first etch-stop layer are con-
currently formed.

3. The array substrate according to claim 1, wherein the
multi-layer electrode further comprises a dielectric layer or
another electric conductive layer.

4. The array substrate according to claim 3, wherein the
dielectric layer is formed by materials selected from a group
consisting of oxides, silicide, nitrides, nitrogen oxides, resin
and a combination thereof, and the electric conductive layer
and the another electric conductive layer are formed by mate-
rials selected from a group consisting of metal, indium tin
oxide, indium zinc oxide, zinc indium tin oxide, indium gal-
lium zinc oxide and a combination thereof.

5. The array substrate according to claim 1, wherein the
multi-layer electrode is used as a pixel electrode or a common
electrode.

6. A liquid crystal display (LCD) device, comprising:

a first substrate and a second substrate positioned oppo-

sitely to the first substrate;

amedium layer disposed between the first substrate and the
second substrate;

a multi-layer electrode disposed on the first substrate and
comprising an insulating layer formed on the substrate,
an active layer formed on the insulating layer, an electric
conductive layer and a first etch-stop layer formed on the
active layer and covered by the electric conductive layer,
wherein the electric conductive layer contacts side sur-
faces of the active layer and the first etch-stop layer; and

a switch element disposed on the first substrate and elec-
trically connected to the multi-layer electrode, and the
switch element having a second etch-stop layer, wherein
the first etch-stop layer and the second etch-stop layer
are formed by the same material.

7. The LCD device according to claim 6, wherein the
second etch-stop layer and the first etch-stop layer are con-
currently formed.

8. The LCD device according to claim 6, wherein the
medium layer is a liquid crystal layer or a blue phase liquid
crystal layer, and the switch element is a thin film transistor
(TFT) array.

9. The LCD device according to claim 6, wherein the
multi-layer electrode further comprises a dielectric layer or
another electric conductive layer.

10. The LCD device according to claim 9, wherein the
dielectric layer is formed by materials selected from a group
consisting of oxides, silicide, nitrides, nitrogen oxides, resin
and a combination thereof, and the electric conductive layer
and the another electric conductive layer are formed by mate-
rials selected from a group consisting of metal, indium tin
oxide, indium zinc oxide, zinc indium tin oxide, indium gal-
lium zinc oxide and a combination thereof.

11. The LCD device according to claim 6, wherein the
height of the multi-layer electrode is between 2 pm~10 pum,
and the maximum width of the multi-layer electrode is
between 2 pm~20 pm.
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